INTRODUCTION
There is no doubt the question of global climate change is a major and important environmental issue facing the world at the end of the 20th century. Potential climate change will probably have significant impact on the world economy during the next 100 yr. That is why the United Nations Framework Convention on Climate Change, which has been signed by more than 150 governments worldwide, calls on parties to the Convention to inventory national sources and sinks of greenhouse gasses and to develop plans for responding to climate change. To assist developing countries and countries with economies in transition to meet this obligation, the US Country Studies Program was created to support climate change country studies through technical and financial assistance. Bulgaria, which signed the Convention in June 1992 and ratified it in March 1995, was also involved in the program. The Bulgarian country study was initiated in 1994. An action plan under expected climate change during the next century in the country was developed.
Global climate change will influence all economic sectors to some degree, but agricultural production is perhaps the most sensitive and vulnerable. Recent research has focused on farm-level, regional, national, and global assessments of the potential impacts of climate change on agriculture (Kaiser & Drennen 1993 , Rosenzweig & Parry 1994 , Wei et al. 1994 , Harrison et al. 1995 , Rosenzweig & Hill 1995 , Rosenzweig et al. 1995 , Peiris et al. 1996 , Smith et al. 1996 , Watson et al. 1996 , Brown & Rosenberg 1997 , IPCC 1997 . Studies on the effect of expected changes in climate on agricultural production in Bulgaria were also initiated ABSTRACT: Vulnerability and adaptation assessments of major agricultural crops under climate change were carried out in Bulgaria through the US Country Studies Program. Several climate change scenarios using General Circulation Model (GCM) outputs were created. Annual temperatures in the country are projected to rise between 2.9 (HCGS model) and 5.8°C (UK89 model) under effective doubling of CO 2 . Precipitation is expected to increase during the winter and to decrease during the warm half of the year. Under equilibrium 2 × CO 2 , the GCM climate change scenarios project an increase in the agroclimatic potential; however, warming would cause decreases in grain yield of winter wheat Triticum aestivum L. and especially maize Zea mays L. Simulated adaptation measures -such as zoning of crop production in agricultural land areas with elevation below 1000 m, changing planting dates, altering varieties, changing optimum value and dates of fertilizer application, and irrigation -were considered as potential responses that may modify any effects of climate change on crop production in Bulgaria. An action plan in Bulgarian agriculture under climate change was developed in cooperation with the Ministry of Agriculture, Forest and Agrarian Reform. Major points of the plan are a decrease in greenhouse gas emissions (reducing methane emissions produced by biological fermentation in stock breeding and rice cultivation; decreasing methane emissions by effective utilization of manure; improving fertilization using mineral fertilizers; decreasing the carbon emissions containing gasses; and retaining soil carbon) and some adaptation measures.
KEY WORDS: Agriculture · Bulgaria · Climate change · DSSAT · GCMs · Maize · Winter wheat · Yield (Raev et al. 1996 , Republic of Bulgaria 1996 , Alexandrov 1997d , 1998 , Slavov & Alexandrov 1997 . The major objective of this paper is to present some national vulnerability and adaptation assessments of important agricultural systems (maize and winter wheat) and some features of the action plan for Bulgarian agriculture.
MATERIAL AND METHODS

Geographic location.
Bulgaria is situated on the Balkan peninsula in southeast Europe. Lowlands (0 to 200 m) cover 31.45% of the country, hills (200 to 600 m) 40.90%, highlands (600 to 1600 m) 25.13%, and mountains over 1600 m 2.52%. The country is split into North and South Bulgaria by the Balkan Mountains, which have a strong effect on the temperature regime. The zonal situation of the Balkan Mountains increases the climatic differences between North and South Bulgaria, arising as a result of the atmospheric circulation. The country belongs to the mild climate zone, with a typical rotation of 4 seasons and variable weather throughout the year. The climate is continental in the north and close to Mediterranean in the south. The annual mean temperature in Bulgaria varies from -3.0 to 14.0°C. The simple annual course of air temperature has a minimum in January and a maximum in July. The monthly mean temperatures in January and July are in the range -10.9 to 3.2°C and 5.0 to 25.0°C, respectively. Precipitation amounts depend crucially on circulation patterns, site elevation, and site-specific orographic features. The annual amount of precipitation is between 500 and 650 mm, with precipitation ranging from 440 to 1020 mm. The highest monthly values are measured in June (at some places in May), with mean totals between 55 and 85 mm. February (or March) is the driest month, with mean totals between 30 and 45 mm (Koleva 1993) . Although precipitation in Bulgaria is significant throughout the year, precipitation during the warm months, April through September, is most important, especially for agriculture. The average national precipitation during this time of the year is 333 mm, and the standard deviation is 72 mm. Maximum precipitation is 573 mm (for the Balkan Mountains), and minimum precipitation is 211 mm (Alexandrov 1993) .
2.2. Experimental material. 2.2.1. Data collection: Twenty-one experimental crop variety stations in Bulgaria with elevation below 800 m were selected for the simulation study (Fig. 1) . This is because the greatest part of the national crop (mainly winter wheat and maize) production is concentrated in areas with elevation below 800 m. Besides, most General Circulation Models (GCMs) assume smoothed orographic features. Meteorological and agrometeorological data from the stations were gathered from 1980 to 1995. To obtain the spatial distribution of the potential crop growing season and accumulated temperatures under the expected climate, 125 meteorological stations were also selected for the simulation study (Fig. 1) . The 30 yr baseline climate data used in this study were from the period , as recommended by the World Meteorological Organization (WMO). Mainly, monthly data of air temperature and precipitation from these stations were used.
2.2.2. Climate change scenarios: Seven GCMs were used to simulate the effect of doubled CO 2 on the observed data from the current climate . The GCMs that were used are those from the Goddard Institute for Space Studies (GISS), Geophysical Fluid Dynamics Laboratory (GFDL R-30 and GFDL-T), Canadian Climatic Centre (CCC), Oregon State University (OSU), United Kingdom Meteorological Office (UK89), and Hadley Centre (HCGG and HCGS, which integrates the negative forcing effect from sulfate aerosols). The GCM outputs were provided by the US Country Studies Program Management Team.
The single levels of CO 2 (1 × CO 2 ) outputs from the GCMs were compared with averaged baseline climate data. The 1 × CO 2 OSU, HCGG, and HCGS outputs could be considered as the most appropriate models for monthly air temperature in Bulgaria (except April and May) among the GCMs used in the study. The 1 × CO 2 CCC and GFDL R-30 models simulate relatively well current precipitation throughout the period from November to April. According to the GCMs used in the study, annual temperatures in Bulgaria are predicted to rise between 2.9 (HCGS) and 5.8°C (UK89) under an effective doubling of CO 2 (2 × CO 2 ). Under the GFDL-T transient scenario in the 2000s, 2030s, and 2060s, annual temperatures are projected to increase by 1.2, 2.2, and 3.9°C, respectively. In general, precipitation is expected to increase during the winter and to decrease during the warm half of the year (CCC, GISS, GFDL R-30, GFDL-T, OSU). The 2 × CO 2 UK89 and HCGS models project minor increases only in November and July, respectively (Figs. 2 & 3) (Alexandrov 1997a (Alexandrov , 1998 (IBSNAT 1990 , 1991 , Tsuji et al. 1994 . System analysis and validated crop simulation models provide an alternative method for representing crop production. Using models, crop growth and development can be readily evaluated under a wide range of management and environmental conditions. One of the most helpful applications of this program is in evaluating strategies for addressing climate change impacts on agricultural crops and agrotechnological management.
The DSSAT CERES GENERIC 3.0 models for maize and wheat were calibrated and verified at the experimental variety stations used in the study. Winter wheat Triticum aestivum L. was grown under rainfed conditions and maize Zea mays L. was irrigated at 9 experimental stations during the periods of calibration 1980-1990) and verification (1981-1995) . Different soil types (for example, typical chernozems; leached chernozem-smolnitza; grey forest, moderately loamy; leached cinnamonic forest; delluvial-meadow, sandy; alluvial, clayey-sandy; and so forth) were used. The major fertilizers incorporated were nitrogen, phosphorus, and potassium. The Bulgarian maize hybrid 'Knezha 611' and wheat variety 'Sadovo 1' were planted every year of the investigation. Simulated phenological stages and grain yields of maize and winter wheat were generally in accord with the measured data , Alexandrov 1997b .
Determination of potential crop growing season and accumulated temperatures:
A method suggested by Fedorov (Gulinova 1974 ) was used to simulate the beginning, end, and duration of the potential crop growing season as well as the accumulated temperature sums above a base of 5 and 10°C. Where daily data were missing, a BGMETEO weather generator was also used (Alexandrov & Valkov 1993) .
LIMITATIONS
A major limitation of using GCMs is that, although they accurately represent global climate, their estimates of current regional climate are often inaccurate. A single GCM or even several GCMs may not represent the range of potential climate change in a region. All GCMs are of global scale with smoothed orographic features and low resolution. The range of values of results from GCM studies is 1.9 to 5.2°C. Most ) and 2 × CO 2 GCM climate change scenarios for (a) monthly air temperature and (b) precipitation in areas with elevation below 800 m in Bulgaria results are close to 4°C. However, according to the last IPCC contributions for the mid-range IPCC emission scenario, assuming the 'best estimate' value of climate sensitivity and including the effects of future increases in aerosol, models project an increase in global mean surface air temperature relative to 1990 of about 2°C by 2100 (Houghton et al. 1996) . The GCM climate change scenarios also do not include changes in climate variability that might represent a very important factor for crop production. The CERES GENERIC 3.0 crop models embody a number of simplifications. For example, there are no extreme weather events, such as hailstorms and dry winds. The models were calibrated and validated to experimental field data, which may have yields that are not typical of current farming conditions. Technology and land use were assumed to be constant, even though it is certain that they will change in the future. Thus the effects of climatic change on yields in farmers' fields may be different from those simulated by the crop models.
RESULTS AND DISCUSSION
Vulnerability assessments
The climate change scenarios derived for Bulgaria were used to evaluate potential changes in growing season, phenological development, and yield of the major cereal crops in the country -maize and winter wheat.
Under equilibrium 2 × CO 2 , the potential growing season above a base of 5 and 10°C occurred mainly 3 wk to 1 mo earlier than the averages under the current climate. The end of the growing season also occurred later due to warming -the deviations were between 20 and 40 d. That is why the climate change scenarios projected an increase in the duration of the potential crop growing season by 1 to 2.5 mo. Some northward shift of productive potential was evident; in addition, the accumulated temperature increased (Fig. 4) .
The altered temperature and precipitation databases corresponding to each of the climate change scenarios were used to run the CERES GENERIC 3.0 simulation models for maize and winter wheat. Crop management, technology, and distribution of cultivated land were assumed to be constant.
Agricultural production is very sensitive to change and variation in weather conditions during the regular growing season. All the developmental processes, starting as early as the germination process immediately after planting, and as late as the ripening process during physiological maturity, are affected and controlled by temperature. All scenarios projected shorter vegetative (sowing to silking/anthesis) and reproductive (silking/anthesis to full maturity) growing seasons of maize and wheat (Fig. 5) . These changes were driven by the temperature increases of the scenarios.
Simulated decreases in maize grain yield in Bulgaria were caused primarily by warming and precipitation deficit during the growing season of this crop. Maize grain yield was more vulnerable under the CCC, GFDL, and (especially) UK89 scenarios: yield reductions were near 30% for the first two and 50 to 60% for the latter. Under the GISS, OSU, and HCGS scenarios, losses were projected to be below 20% (Fig. 6 ). In comparison with the other GCM outputs for Bulgaria, the 2 × CO 2 GISS scenario did not have as great of a negative effect on yields. This is because the GISS model simulated in- creases of rainfall during the vegetative period of maize. The GISS, OSU, and HCGS scenarios also had the lowest warming in this part of the year. All climate change scenarios produced average winter wheat yield changes between -5 and -20%, although the 2 × CO 2 GISS, OSU, and GFDL outputs showed increases of precipitation from October to March. Some changes were observed when the direct effect of increased CO 2 was assumed in the study. In this case, the reduction of maize grain yield decreased and winter wheat yield increased relative to the current climate. The reason for these changed results was the influence of increased levels of CO 2 acting as a fertilizer.
The GFDL-T transient scenarios were used to assess the effect of gradual changes in climate for the decades of the 2000s, 2030s, and 2060s on maize and winter wheat yields under different CO 2 levels. The yield trends obtained are similar to the above-presented trends -maize yield decreased, and winter wheat yield increased (Fig. 7) .
The most vulnerable agricultural crops under climate change are expected to be: (1) spring crops due to the projected precipitation reduction during the warm half of the year; (2) crops cultivated on light soils; (3) non-irrigated crops; and (4) crops in southeastern Bulgaria where a summer precipitation deficit is observed even in the current climate.
Adaptation assessments
It is important for nations participating in the US Country Studies Program to assess options for adapting to climate change because it is unlikely that climate change can be completely averted. Although measures are being taken to reduce greenhouse gas emissions, and these measures will probably reduce the rate and magnitude of climate change, it is unlikely that greenhouse gas emissions can be reduced enough to stabilize climate; therefore, adaptation will be necessary. The goals of agricultural adaptation measures are to promote sustainable development and to minimize the impact of climate change by reducing vulnerability to its effects. Adaptation to a changing climate will occur in several forms, including, for example, technical innovations, changes in agricultural land areas, and changes in use of irrigation. The greatest part of the national wheat and maize production under the current climate is concentrated in areas with elevation below 800 m. New zoning of cereal crop production in agricultural land areas with elevation below 1000 m due to expected warming was proposed by N. Slavov (Raev et al. 1996 , Slavov & Alexandrov 1997 . In this case, the agricultural land area for cultivation of cereal crops would increase by approximately 50 000 ha.
Change in crops
Crop diversification allows farmers to cope with climate variation from year to year. This type of adaptation will likely occur at the farm system level. Switching from monocultures, which are more vulnerable to climate change, pests, and diseases, to more diversified agricultural production systems will also help farmers to cope with changing climatic conditions. Seed banks that maintain a variety of seed types provide an opportunity for farmers to diversify to counter the threat of climate change or to develop a profitable specialization. Farmers may also switch to different crop types or change to more drought-and disease-tolerant crops. Development of more and better heat-and drought-resistant crops will help to fulfill current and future food demand. Another farm-level adaptation strategy is to alter the crop mix in response to a change in climate. If climate change affects the relative yield and profitability of one crop in favor of another, then farmers should respond by making the appropriate change in crop mix.
The expected thermal and humid conditions in Bulgaria will permit farmers to vary the assortment of many fruit and vegetable crops. Grape and fig production is expected to increase in future. The climate in South Bulgaria is influenced by the Mediterranean. Warming may cause a natural northward shift of some agricultural crops and trees grown in the upper areas of neighboring countries such as Greece, Turkey, and so forth.
Change in sowing dates
Under the 2 × CO 2 climate change scenarios, the sowing dates would shift in order to reduce the yield loss from the warming. Using the DSSAT V3.0 software, numerical experiments under altered sowing dates of maize and winter wheat were done. Under the 2 × CO 2 climate change scenarios, the sowing dates of maize should occur 15 to 30 d earlier, relative to those under the current climatic conditions (Table 1) . Initially, sowing dates of winter wheat were moved forward to winter because climate scenarios suggest that the autumn climate would be warmer than it is under the current climate. However, that change in planting dates was the reason for a bigger decrease of grain yield of winter wheat (when the direct effect of CO 2 was not assumed). Higher air temperatures during the reproductive period negatively affect wheat yield even under the current climate conditions in the country. That is why the sowing dates of wheat were moved back to the end of summer. The results obtained were better; however, it could be difficult for cultivation of second crops after harvesting the previous winter crops. Generally, the changes in sowing dates of maize and winter wheat did not compensate significantly for the decreases of grain yield. 
Change in fertilization
Changes in climate might have large effects on soils. In the light of this, land use policy may need to be reviewed with regard to the changing potential of soils for crops. In this option, the optimum amount of fertilizers and the optimum soil depth of nitrogen insertion could be examined.
An attempt to examine the optimum amount of fertilizers for maize and winter wheat development, growth, and yield formation was made. There were no changes in maize grain yield under either an increase or a decrease of nitrogen fertilizer by 100 kg ha -1 . The main reason for these results was the water stress that could be observed under warming during the summer season of the next century. Moreover, increased amounts of fertilizer led to a decrease in the net return calculated by the DSSAT seasonal analysis program. It was already mentioned that increased precipitation is expected under a warmer climate during winter wheat vegetation. That is why a reduction of wheat grain yield losses due to changed fertilization was obtained. As a result, net return was reduced when a higher amount of fertilizers was applied. Generally, the changes in fertilization that were tested also slightly compensated for the decrease in maize and winter wheat yield under the 2 × CO 2 GCM climate change scenarios. As the climate warms, there will likely be shifts toward greater use of irrigation systems to grow crops in Bulgaria. Even under the current climate, the available soil moisture is insufficient for spring crop cultivation in the country for normal crop growth. Many farming technologies, such as efficient irrigation systems, provide opportunities to reduce direct dependence on natural factors such as precipitation and runoff. Improvements allow greater flexibility by reducing water consumption without reducing crop yields. The use of more efficient irrigation systems can be expected because of the need for tighter water management practices to counter increased demand. For orchards and vines, drip-irrigation systems can be used to conserve water. Water losses through seepage and evaporation in canal and flood irrigation systems can be minimized by lining the canals with cement or switching to pipe irrigation systems. The significantly higher costs of production related to irrigation systems will most likely result in shifts to less water-demanding uses in areas where there are higher rates of moisture loss. Using more groundwater for crop irrigation is also a prospective method. First of all, however, the irrigation systems available until the 1990s should be restored in the country.
The DSSAT seasonal analysis program was run to determine the most appropriate timing and water amount of irrigation applications under the expected climate change during the growing season of maize. Both biophysical and economic analyses were done. The strategic analysis was done in respect to the simulated value of harvest maize yield and net return. The tested treatments of the irrigated numerical experiment assumed maize growth and development under rain-fed conditions, different dates, and different amounts of irrigated water (Table 2 ). In the first case (harvest yield of maize), Treatment 6, which involved the application of 80 mm of water on 3 different dates, could be considered as the most appropriate irrigation strategy (Fig. 8) . In the second case, the economic analysis of the seasonal analysis computer program calculated and plotted the cumulative function of monetary returns per hectare. There is little to choose between Treatments 4, 5, and 6 in terms of their cumulative probability function (Fig. 8) . Running the 'strategy analysis' option, the mean-Gini dominant treatments of the irrigated experiment were able to be listed, in terms of the costs and prices used to analyze it (Table 3) . Actually, the dominant treatments were Treatments 4 and 5 -40 mm water applied each day (2 or 3 d, respectively) of irrigation.
Change in crop hybrids and cultivars
Another option for adaptation to climate change is the use of later-maturing, but more productive hybrids and cultivars. There is a need for hybrids and cultivars that are more drought resistant, fast grained, and disease and pest tolerant. If these changes could bring only a 10% increase of the mean grain yield in Bulgaria, it would produce an additional 0.2 million t of maize grain yield and 0.18 million t of wheat grain yield.
The CERES GENERIC 3.0 crop growth models can test the performance of hypothetical new hybrids and cultivars under the conditions of climate change. The development of a hypothetical new cultivar or hybrid with different genetic characteristics would improve winter wheat and maize yield production under the climate change scenarios created. As it is known, one of the genetic inputs entered into the above models is the number of growing degree-days from flowering to maturity. A higher coefficient extends the simulated duration of the grain-filling period under warmer climate conditions. In Table 4 , some results obtained under numerical tests of 2 hypothetical new maize hybrids are presented.
Technological innovations, including development of new crop hybrids and cultivars that may be bred to better match the changing climate, are considered a promising adaptation strategy. However, the costs of such innovations, as well as their continued development, are uncertain.
Change in management practices
Many practices, such as conservation tilling, furrow diking, terracing, contouring, and planting vegetation to act as windbreaks, will protect fields from water and wind erosion and can help retain moisture by reducing evaporation and increasing water infiltration. Using management practices that reduce dependence on irri- Table 2 . Description of the irrigation treatments examined at Kojnare under the CCC 2 × CO 2 climate change scenario gation will reduce water consumption without reducing crop yields and will allow greater resiliency in adapting to future climate change.
Change in management of diseases and pest control
The warming and increased precipitation expected during the cold half of the year under climate change probably will lead to more occurrences of diseases and pests. The population of granivores in the storehouses is expected to increase on the one hand, and some mushroom diseases and grain shooting will decrease on the other hand. The warm spring will cause an earlier occurrence of the first pest population. That is why pest control has to be applied earlier relative to the current climate. Generally, in the future climate an increased pest population is expected. Some crop diseases and pests will decrease because of warming and the rainfall deficit during the warm half of the year; however, different kinds of diseases and pests, which currently flourish in the southern regions of the European continent, will appear.
Applications of fertilizers, pesticides, and weed-control methods are considered to be a necessary adaptive step in Bulgarian agriculture. Depending on the timing of various farming operations and the new crop cycles, this measure could lead to increasing crop yield, though this measure by itself might not have a significant effect. Generally, governmental policy and support for research and development will have significant impacts on the agriculture in Bulgaria. The government in this country should support research efforts aimed at vulnerability assessments and agricultural adaptation measures. It is essential to know that, through regional and global cooperation, the government can promote the exchange of advisory services and experiences as well as the transfer of environmental management and rehabilitation technologies that have an impact on agriculture. It is also necessary to remark that government has to utilize the information from research in order to formulate policies concerning climate change and its influence on agriculture. The sustainable growth of agricultural production in Bulgaria should be given one of the highest priorities among all national development programs. Pricing policy can also be used to steer agriculture in a direction more adaptive to climate change. Using pricing policy, the government could make the national agriculture relatively adaptable to climate change.
Action plan
An action plan in Bulgarian agriculture has been developed under the supervision of the Ministry of Agriculture, Forest and Agrarian Reform using the above results . The results obtained during the investigation of the climate change impacts in the country force the action plan to be directed to 2 major goals: (1) decrease of greenhouse gas emissions in the atmosphere; and (2) adaptation of agriculture under climate change. To achieve the first goal, the following priority tasks should be executed:
4.3.1. Reducing methane emissions produced by biological fermentation in stock breeding. The most important procedures are expected to be the following: increasing the stock-breeding production by means of improving the genetic characteristics and reproductive abilities of all kinds animals; increasing animal productivity by mechanization of the processes in animal breeding; improving animal feeding and increasing the quality of animal production by reinforced supplements, specific substances, and so forth; improving the organization of meadow and pasture utilization in stock breeding.
4.3.2. Decreasing methane emissions by effective utilization of hard and liquid manure. The relevant steps are expected to be: improving the devices and equipment for gathering and storing hard and liquid manure; constructing and establishing equipment for underground storage of manure, methane extraction, and its utilization; composting manure by using agricultural and industrial waste; improving fertilization using manure (rates, dates of incorporation, machines for transport, and spreading) with different agricultural crops; developing qualitative manure characters and their relevant costs in agriculture.
4.3.3. Improving fertilization using mineral fertilizers. In this case, the main points are projected to be: incorporation of nitrogen fertilizers, applied in accordance with the soil profiles; incorporation of nitrogen mineral fertilizers, applied together with manure in order to decrease gasses containing nitrogen; incorporation of fertilizers containing nitrogen, immediately tilled and sowed. 4.3.4. Decreasing emissions of carbon-containing gasses and retaining soil carbon. Burning termination of stubble fields and plant remainders; introduction of methods for keeping and improving soil fertility under decreasing carbon dioxide emissions; and application of a system to counter soil water erosion, especially irrigation erosion, should be the major elements of this task.
4.3.5. Decreasing methane emissions in rice cultivation. This objective could be achieved by: rice field construction including an improved system of water drainage; improved rice production technology; and cultivation of new high-productivity rice varieties with improved botanical qualities.
The second part of the action plan includes the following adaptation measures that should be executed under the expected climate change: (1) new zoning of the agroclimatic resources and agricultural crops; (2) introduction of new cultivars and hybrids adapted to climate change; (3) utilization of measures for increasing irrigation effectiveness; and (4) use of adaptation phytosanitary measures.
CONCLUSIONS
According to the GCM outputs used in the study, annual temperatures in Bulgaria are projected to rise between 2.9 (HCGS) and 5.8°C (UK89) under effective doubling of carbon dioxide. Under the GFDL-T transient scenario in the 2030s and 2060s, annual temperatures are projected to increase by 2.2 and 3.9°C, respectively. In general, precipitation is expected to increase during the winter and to decrease during the warm half of the year. The GCM climate change scenarios were not constructed to help predict the future. They were designed to help identify the sensitivity of sectors (such as agriculture) to climate change. These climate change scenarios can help identify the potential direction of effects and the potential magnitude of impacts.
Atmospheric warming can be expected to lengthen the potential crop growing season, resulting in a shift of the thermal limits of agriculture in Bulgaria. An indication of the extent of this shift is shown by an increase in the accumulated temperature sums for cropping during the growing season above a base of 5 and 10°C. These relate to changes in the climatic limits for specific crops under a variety of climatic scenarios. Under equilibrium 2 × CO 2 , the GCM climate change scenarios projected increases in the agroclimatic potential; however, warming caused decreases in grain yield of winter wheat and especially of maize. All yields decreased significantly under the 2 × CO 2 scenarios. The GISS maize scenario was more benign than the other scenarios due to precipitation increases. Yield decreases were caused mostly by reduced growing seasons of between 3 wk and a month. When the direct effect of CO 2 was assumed in the study, wheat yield increased.
Adaptation measures -such as new zoning of the agroclimatic resources and agricultural crops, introduction of new cultivars and hybrids adapted to climate change, utilization of measures to increase irrigation effectiveness, and use of adaptation phytosanitary measures -were considered as potential responses that may modify any effects of climate change on crop production in Bulgaria.
Major objectives of the action plan supervised by the Ministry of Agriculture, Forest and the Agrarian Reform are decreasing greenhouse gas emissions by reduction of methane emissions produced by biological fermentation in stock breeding and in rice cultivation; decreasing methane emissions by effective utilization of manure; improving fertilization using mineral fertilizers; decreasing the emission of carboncontaining gasses and retaining soil carbon. The action plan was developed according to the rules of United Nations Framework Convention on Climate Change and will be presented in 1999 to the United Nations.
